also because they offer optimal skin color, contour, and texture matching. Also, the nasolabial skin is the ideal donor site with regard to scar concealment in the natural nasolabial fold. Therefore, traditional local flaps such as nasolabial flaps are good flaps to use for perinasal defect reconstruction. However, the only drawback is that they require a two-stage reconstruction to achieve an aesthetically pleasing alar-cheek groove [3] .
Recently, perforator flaps have become popular in many areas of reconstructive surgery. They provide design freedom and reduce donor-site morbidity. Many traditional local flaps including nasolabial flaps are based on the use of the axial facial artery with multiple perforators. Flaps based on one perforator of the facial artery have been introduced and are used more frequently because of their advantages over perforator flaps [6] [7] [8] [9] [10] [11] [12] .
The facial artery perforator-based flap is the first true perforator flap in the face. It allows one-stage reconstruction and allows freedom in flap design. We reconstructed perinasal defects with island flaps based on a single perforator of the facial artery itself or its branches. In this article, we have presented our operative results, including surgical techniques and complications. Furthermore, we divided the defect into location subtypes and have explained both the surgical technique and characteristics of the perforators of each subtype.
METHODS
Between December 2005 and August 2013, a facial artery perforator-based flap procedure was performed on 10 patients at our institution. The operative results, including the cause of the defect, flap size, location of the defect, arc of rotation, and complications, were evaluated by a retrospective chart review and photographic evaluation. Furthermore, according to location, we divided the defects into types A and B. Type A is located in the sidewall of the nose, including the alar rim, and type B is located in the nostril floor, including the alar base. We compared the location and characteristics of the type A and B perforators.
Surgical technique
After tumor ablation or nostril stenosis surgery in our cases, the facial artery perforator along the nasolabial fold was found and marked with a handheld Doppler probe. A perforator near the defect was selected to accomplish a sufficient arc of rotation without tension. The flap was designed to cover the defect based on one perforator and to conceal the donor site in the nasolabial fold. An elliptical-shaped flap was designed for primary closure of the donor site. An incision on one side of the flap was made to the subcutaneous tissue. Undermining of the flap was performed until the perforators were identified. After the perforators were identified, the flap was redesigned and an incision was made circumferentially.
Dissection of the pedicle was performed until tension-free transposition was achieved to cover the defect, and the distal perforators were sacrificed to ease flap movement. For protection against shear forces, we left a small cuff of subcutaneous fat around the perforator. After elevation of the flap, it was rotated to cover the defect without advancement, using the propeller flap concept, which is used for reconstruction of the lower extremity. In two cases, a full-thickness skin graft (FTSG) was applied to cover the remainder of the defect due to its large size. The donor site was closed using primary repair and concealed within the nasolabial fold.
In type A defect reconstruction, 180° rotation propeller flaps were used. We performed more skeletonization than in type B due to a large arc of rotation. Therefore, a more careful perforator dissection was needed to ensure the safety of the flap. We needed thinner flaps in this reconstruction compared to type B. We therefore performed a defatting step after flap elevation. In type B defect reconstruction, 120° rotation propeller flaps were used. Because of the deep nature of this defect, we needed thicker flaps than in type A and thus there was no need for a defatting step.
RESULTS
The patients' age range was 35 to 75 years (mean, 61 years). Eight patients were male and 2 patients were female. Five patients were smokers. Seven patients had been diagnosed with skin cancer (basal cell carcinoma [BCC] , squamous cell carcinoma [SCC], or malignant melanoma), and one patient had metastatic adenocarcinoma of the liver. One patient had a venous malformation, and the remaining patients had nostril stenosis, whose defect was the result of nostril stenosis release ( Table 1 ). All of the operations were performed under general anesthesia. In two cases, FTSGs were needed to cover the defects, which could not be reconstructed using only a facial artery perforatorbased flap because of their large sizes. The patient who had nostril stenosis bilaterally had surgery using a bilateral facial artery perforator-based flap. Patient follow-up time ranged between 3 and 6 months (average, 4.8 ± 1.5 months).
In all cases, we identified a suitable perforator of the facial artery or its branches with which to reconstruct the perinasal defect. All flaps were based on a single arterial perforator. The skin overlying the flap pedicle and the donor site could be closed with primary repair without tension and concealed within the nasolabial fold. The flap and skin around the defect were well matched with regard to both color and texture. In the type A defect reconstruction cases, the flaps were based on perforators of the facial artery and lateral nasal artery. The defects were covered with a 180° rotation. In two cases, mild venous congestion was seen on postoperative day 1 but healed with conservative management. Such congestion was assumed to be due to the large arc of rotation and large defect size. In the type B defect reconstruction cases, the flaps were based on perforators of the facial artery and superior labial artery. The defects were covered with a 120° rotation. All of the flaps survived. Good cosmetic and functional results of the facial artery perforator-based flap were achieved and did not require any revisions on follow-up. All of the patients were satisfied with the results.
Case 1 (type A defect reconstruction)
A 48-year-old man underwent excision of a venous malformation in the right nasal sidewall. After the defect was detected, we decided to cover it with a facial artery perforator-based flap that was 3 cm in width and 6 cm in length. A perforator from the lateral nasal artery was identified. A FTSG was needed for an additional procedure on the caudal area of the defect because of the large size of the defect. Mild venous congestion was seen on postoperative day 1 but healed with conservative management (Fig. 1 ).
Case 2 (type A defect reconstruction)
A 72-year-old man underwent BCC excision in the right nasal sidewall. Following cancer resection, he had a large defect over the nasal sidewall. A perforator from the lateral nasal artery was used. A 180° rotation island flap that was 3 cm in width and 5 cm in length was designed, and a FTSG was needed for an additional procedure on the nasal dorsum. Mild flap congestion on postoperative day 1 was resolved without surgery (Fig. 2) .
Case 3 (type B defect reconstruction)
A 35-year-old man had a SCC on the right alar base and nasal floor. Following cancer resection, a perforator of the superior labial artery was identified at the nasolabial fold using a handheld Doppler probe. Dissection of the pedicle was performed until tension-free rotation was achieved to cover the defect. A 120° rotation island flap that was 2 cm in width and 3 cm in length was elevated and pivoted on this perforator. A 3-dimensional reconstruction of the deep defect was achieved using the versatile perforator flap (Fig. 3 ).
Case 4 (type B defect reconstruction)
A 71-year-old man underwent excision of SCC on the columella and part of the septal cartilage. After the defect was localized, we decided to cover the deep nasal floor defect and reconstruct the columella with a bilateral facial artery perforator-based flap that was 3 cm in width and 4 cm in length. We customized the reconstruction using a facial artery perforator-based flap (Fig. 4) .
DISCUSSION
The perinasal regions are anatomic facial subunits that are important with regard to functional and aesthetic characteristics. Thus, the goal of perinasal defect reconstruction includes both functional and aesthetic restoration. Although many methods, including free flaps, have been used, regional flaps are preferred for reconstruction of perinasal defects. Regional flaps will always provide a superior aesthetic result because these tissues have the same color and texture as the defect [8] .
Regional flaps such as traditional nasolabial flaps, island nasolabial flaps, and V-Y advancement flaps are considered the first choices for reconstruction of perinasal defects. These flaps are also supplied by perforators from the facial artery [8, 13] . However, some of the defects are negligibly reconstructed by such conventional flaps. Freestyle flaps based on a single perforator can allow for customized reconstruction of perinasal defects [8, 9, 11] . Since the term perforator flap was first used by Koshima and Soeda [14] in 1989, numerous perforator flaps have been designed, which allow thinner flaps to be tailored for more accurate reconstruction. Whether it is correct to call this nasolabial island flap a perforator flap is a subject of debate. According to the Gent Consensus Conference [15] , a perforator should pierce the deep fascia before reaching the skin. Because there is no deep fascia layer in the face and the vessels pierce the superficial muscular aponeurotic system layer before reaching the skin, this flap can be also called a perforator flap [9] . We used an island nasolabial flap-based facial artery perforator and the facial artery branches' perforator. The term ''perforatorbased'' is a flap that is truly based on the perforator itself without sacrificing the proximal vessel [16] . Therefore, the facial artery and arteries within its subsystem are saved and not dissected. We used methods involving a propeller flap in all of our cases. The term "propeller flap" is an island flap that reaches the recipient site by axial rotation [17] . This method has been a useful reconstructive tool in various areas, especially the lower leg, and can achieve good cosmetic and functional results. With this method, we were able to accomplish good aesthetic results.
The facial artery perforator-based flap is supported by the study of angiosomes of the facial region, which showed that the facial arterial system supplies the cutaneous areas from the submental region to the medial two-thirds of the face [18] . Although Nakajima et al. [19] reported variations in the facial artery and its branches, the superior labial, lateral nasal, and angular arteries are consistent in 98% of cases, with 2% of facial arteries terminating at the alar base level [20] . More detailed cadaveric studies have presented a rich perforator density in the perioral and perinasal areas [21] . In another cadaveric study, it was shown that an average of five perforators exist per facial artery with a mean diameter of 0.96 mm. The perforators were selectively injected with diluted ink solution, and the mean size of all of the injected skin areas was 8.05 cm 2 . Seven main, reliable types of perforator territories were identified: the posterior area of the horizontal ramus of the mandible, the anterior area of the horizontal ramus of the mandible, the inferior labial area, the commissural area, the jugal area, the nasolabial area, and the subpalpebral area. Defining these territories will help in the proper design of a flap, and various nasolabial flaps have been designed based on the rich perforasomes of the perioral and perinasal areas [22] . We classified the defects according to their location. Type A cases were located in the sidewall of the nose, including the alar rim, and type B cases were located in the nostril floor or columella, including the alar base. The reconstruction was quite different in types A and B. In type A defect reconstruction, 180° rotation propeller flaps were used. Therefore, more careful perforator dissection was needed due to the large arc of rotation. Considering the aesthetic results and to prevent postoperative "pin-cushioning, " we needed a thinner flap for this reconstruction. Therefore, we performed a defatting step after elevating the flap. We usually used a lateral nasal artery perforator, including the facial artery perforator. In type B defect reconstruction, 120° rotation propeller flaps were used. Because this defect is usually located in a deeper area, we needed a thicker flap, obviating the need for a defatting step. Furthermore, we paid careful attention to the flap design due to the 3-dimensional reconstruction. We usually used the superior labial artery perforator, including the facial artery perforator.
It is hypothesized that venous drainage of the facial artery perforator flap is similar to that described for digital island flaps. This drainage is contained within the fibrofatty tissue around the artery [8] . However, other studies report that it is better not to leave a cuff of fat around the perforator as it may cause pedicle torsion or kinking. Furthermore, these studies state that careful dissection will always allow for identification of at least one vein, which will drain the skin flap [9] . We partially dissected the pedicle to transpose the flap, covering the defects. In such cases, we left a small cuff of fat around the perforator.
All patients had satisfying results and did not need any additional revisions. Therefore, as per our preoperative plan, perinasal reconstruction with facial artery perforator-based flaps was performed using a one-stage reconstruction without any complications. Using this approach, prior surgeries that involved two stages using nasolabial or forehead flaps can now be performed as a one-stage procedure.
This method can be applied to small to moderate-sized perinasal defects. For the primary repair of the donor site, flap sizes are limited. In our two cases, we needed FTSGs for an additional procedure due to the large size of the defect. In these cases, there were compromised aesthetic results. Another possible negative aspect of this method is the time required. Perforator dissection is a more difficult procedure than the use of other local flaps that do not require perforator dissection. However, with experience, the duration of such a dissection could decrease.
Using a facial artery perforator-based flap allowed greater freedom in rotation, mobility, and flap design for the reconstruction of perinasal defects. Other advantages are the possibility of a one-stage reconstruction and customization. In addition, the use of this flap increases aesthetic results, as it uses a local flap and conceals the donor scar within a natural fold. Therefore, we believe that a facial artery perforator-based flap may provide an alternative reconstruction method for peri nasal defects.
